In tropical forests with nutrient-rich soil tree's nutrient resorption from senesced leaves has not always been observed to be low. Perhaps this lack of consistence is partly owing to the nutrient resorption methods used. The aim of the study was to analyse N and P resorption proficiency from tropical rain forest trees in a nutrientrich soil. It was hypothesised that trees would exhibit low nutrient resorption in a nutrient-rich soil. The soil concentrations of total N and extractable P, among other physical and chemical characteristics, were analysed in 30 samples in the soil surface (10 cm) of three undisturbed forest plots at 'Estación de Biología Los Tuxtlas' on the east coast of Mexico (18°34' -18°36' N, 95°04' -95°09' W). N and P resorption proficiency were determined from senescing leaves in 11 dominant tree species. Nitrogen was analysed by microkjeldahl digestion with sulphuric acid and distilled with boric acid, and phosphorus was analysed by digestion with nitric acid and perchloric acid. Soil was rich in total N (0.50%, n = 30) and extractable P (4.11 µg g -1 , n = 30). As expected, trees showed incomplete N (1.13%, n = 11) and P (0.11%, n = 11) resorption. With a more accurate method of nutrient resorption assessment, it is possible to prove that a forest community with a nutrient-rich soil can have low levels of N and P resorption. Rev. Biol 
In many lowland tropical forests nutrient limitation for plant growth is a common issue chiefly owing to nutrient-poor soils (Sanchez 1976 , Proctor 1992 . In tropical and temperate forests nitrogen (N) and phosphorus (P) resorption from senesced leaves may reflect a plant strategy of conservation of a limiting nutrient (Edwards and Grubb 1982 , Vitousek and Sanford 1986 , Proctor et al. 1989 , Killingbeck 1996 , Songwe et al. 1997 . The nutrients which are resorbed from the trees during leaf senescence are directly available for further plant growth, which makes a species less dependent on current nutrient uptake. Nutrients which are not resorbed, however, will be circulated through litterfall in the longer term. All of this have important implications for element cycling at the ecosystem level (Aerts 1996) .
There is an unresolved discussion whether nutrient resorption is related to soil fertility, or to internal nutrient sinks in plants, or to some combination of these two. Chapin (1980) pointed out that there was insufficient evidence to support any particular relationship between nutrient resorption and soil fertility. There are studies that demonstrate that nutrient resorption efficiency is higher on infertile soils (Boerner 1984 , on fertile soils, and on intermediate fertility soils. Aerts (1996) found that at the intraspecific level, nutrient resorption was not very responsive to increased nutrient availability. Proctor et al. (1989) and Thompson et al. (1992) had found large interspecific differences and substantial intraspecific variation in freshleaf element concentrations in the tropical forests. Since nutrient concentrations in fresh leaves are highly variable depending on leaf position in the canopy and leaf age, there are not confident estimators of nutrient resorption (Grubb 1989) . Killingbeck (1996) has proposed resorption proficiency (absolute nutrient concentration values in senesced leaves) to be a more meaningful and objective measure of the degree of true nutrient resorption than the so far used method of resorption efficiency (difference between fresh and senesced leaves nutrient concentrations). Resorption proficiency values are true nutrient concentration values, while resorption efficiency values are relative quotient values. Absolute nutrient concentration values in senesced leaves represent the levels to which nutrients have been reduced and are an estimation of the degree to which realized resorption approaches potential resorption. From an extensive analysis Killingbeck (1996) concluded that concentrations of 0.3% nitrogen and 0.01% phosphorus represent the threshold or ultimate potential resorption (maximal withdrawal of nutrients from senescing leaves) in the plant. For the majority of woody perennial species, nutrient resorption can be considered as highly proficient and thus as a nutrient conservation mechanism, if plants have reduced nitrogen and phosphorus in their senesced leaves to concentrations below 0.7% and 0.05% respectively. Resorption proficiency avoids the problem of spatial and temporal variation in nutrient concentrations in the fresh leaves of the trees and then is the method considered throughout this paper.
The aim of this paper was to assess nutrient resorption in a tropical rain forest ecosystem with a nutrient-rich soil. It was hypothesised that N and P resorption from trees of a mature forest in a N and P rich soil, would be low. The methodology to evaluate nutrient resorption at ecosystem level is also discussed throughout.
MATERIALS AND METHODS

Study site:
The study site was located in the undisturbed forest reserve 'Estación de Biología Los Tuxtlas' on the east coast of Mexico (18°34' -18°36' N, 95°04' -95°09' W), belonging to the Universidad Nacional Autónoma de Mexico (Fig. 1) . Los Tuxtlas is the northernmost extension of the lowland evergreen tropical rain-forest formation in the neotropics. Most of the forest reserve lies over basaltic rocks of about 800 000 yr old (Nelson and González-Caver 1992) . However, soil development and fertility may have been influenced by relatively recent (in 1664 and 1793) volcanic activity with significant quantities of ash and a small volume of lava flows, as well as by climate (Nelson and González-Caver 1992 , Friedlaender and Sander 1923 as cited in Martin-Del Pozzo 1997 . Soils in the region are classified as well-drained, coarse-textured, vitric Andosols mixed with volcanic ash (Anonymous 1975) ; however reliable data on their chemistry is still lacking. Mean annual temperature at the forest reserve is 25.1ºC. Mean annual rainfall is 4 487 mm. Evaporation at Sontecomapan (c. 10 km SE from the reserve) measured as the amount (mm) of water evaporated in a sink in 24-h terms, had an annual mean of 1 390 mm (Martínez-Sánchez 2001).
Soils:
Three 50 x 50-m plots were placed in the mature forest of the reserve. Total basal areas of the plots were 8.0, 8.1, and 8.8 m 2 (Martínez-Sánchez 1999) . During May and October 1996 ten soil samples (0 -10 cm deep) in each plot were collected for chemical and physical analyses, in a stratified random way with an 8-cm-diameter soil corer. For soil nutrient analysis, the samples were immediately air-dried and passed through a 1.2-mm mesh. Samples were kept in polythene bags at 20 o C until the laboratory analyses. Soil bulk density was estimated by drying the samples at about 95ºC in the oven to a constant weight and then weighing to obtain the dry weight per unit volume (g cm -3 ). Soil analyses were conducted in the Instituto de Geología of the Universidad Nacional Autónoma de México. Analyses were all made in duplicate and checked with international standards. Soil texture was determined by a hydrometrical technique (Bouyoucos 1963) and the soils were not completely dried in order to prevent organic matter loss which is high in Andosols. For texture classification the United Kingdom system was used. The pH was determined in H 2 0 (1:2.5) and in a 1 M KCl (1:2.5) solution (Schlichting et al. 1995) . Total N was analysed by the Kjeldahl method (Black 1965) . Phosphorus was extracted by 0.025 M HCl and 0.03 M NH 4 F (Black 1965) . Exchangeable cations were extracted by 1 M ammonium acetate (pH 7). Ca 2+ and Mg 2+ were determined by atomic absorption spectrophotometry, and K + and Na + by flame photometry in a CaCl 2 solution (Bouwer et al. 1952 ). Exchangeable Al 3+ and H + ions were determined by titration with 0.01 M NaOH in a solution of 1 M KCl (Van Reenwijk 1992). Cation exchange capacity (CEC) was assessed by the summation of exchangeable cations.
Nutrient resorption assessment:
During September 1997 (rainy season) fresh leaves and freshly fallen leaves of 11 tree species were collected for nutrient-element analysis, in about 10 ha of the east side of the reserve including two of the soil plots. The criteria of selection of the species was the proximity and the abundance. The species were dominant in the community such that they accounted for 48% of the plots basal area and for 44% of the total leaf litterfall (Martínez-Sánchez 1999) . Three trees (≥ 10 cm dbh) of each species were randomly selected. Samples of 5 g of fresh mature shade-leaves were collected from the crown of each tree at a height of 5-15 m; and of 5 g of freshly (< 3 d) fallen leaves from the ground below each tree. All leaves were dried at c. 40 ºC for 3 d.
Nutrient analyses of leaf material were done in the Laboratorio de Edafología, Colegio de Postgraduados at Montecillos, Mexico. All material was oven-dried at 105ºC. Nitrogen was analysed by microkjeldahl digestion with sulphuric acid and distillation with boric acid (Bremmer 1975, Chapman and Pratt 1979) . Phosphorus was analysed by digestion with nitric acid and perchloric acid (2:1) for a minimum of 12 h, and determined in 7.5 ml of vanadomolybdenum-phosphorus complex by photometry at 470 nm. Resorption proficiency (nutrient concentration in senesced leaves) was obtained for the purpose of this study, and resorption efficiency (senesced/fresh leaf nutrient concentrations) was calculated for means of comparison with other studies. The variables of nutrient concentrations were analysed for normal distribution by the skewness and kurtosis values and the normal distribution plot with Statgraphics 5.0. Student t-test was used to compare two sample means.
RESULTS
The forest top soil is relatively nutrientrich with a low bulk density (0.75 g cm -3 ), a clay to clay-loam texture, and an almost neutral pH H2O (6.9) ( Table 1) .
N and P concentrations values of fresh and senesced leaves (11 species sampled) came from a population with normal distribution (standard skewness and kurtosis < 2).
Mean fresh-leaf nitrogen concentration (1.79%) was higher than phosphorus concentration (0.14%, t = 9.22, p = 0.0000), senesced-leaf nitrogen concentration (1.13%) was higher than phosphorus concentration (0.11%, t = 8.04, p = 0.0000), and nitrogen (0.66) and phosphorus (0.82) resorption efficiency were equal (t = -1.72, p = 0.101). Nutrient concentrations in fresh leaves were higher than in senesced leaves giving values of resorption efficiency lower than one, with exception of P for Cecropia obtusifolia, Nectandra ambigens and Orthion oblanceolatum. Values of resorption proficiency (senesced leaves) and resorption efficiency varied among species and families without a clear pattern (Table 2) . Trichospermum galeottii from the Tilliaceae family appeared as the species with the lowest values of N (0.71%) and P (0.04%) concentrations in senesced leaves and resorption efficiency and Heliocarpus appendiculatus (Tiliaceae also) had the highest P (0.23%) value in senesced leaves.
DISCUSSION
The proximity to the sea does not seem to influence the relatively high soil pH at this location (Martínez-Sánchez 1999). Bongers et al. (1988) had previously determined a pH H 2 O of 6.3 at 15 cm depth in the same site.
Plants tend to save nutrients from each fallen leaf and reassign to other vital part of the plant, and then perform some degree of nutrient resorption usually giving higher nutrient concentrations in fresh leaves than in senesced leaves. Exceptional cases were the species Cecropia obtusifolia, Nectandra ambigens and Orthion oblanceolatum which had resorption efficiency values for phosphorus above one indicating an unusual lost of this element through their leaves or lack of resorption. A high variation in nutrient resorption efficiency and proficiency was found among the species and families analysed from this forest community. The Tiliaceae family e.g. had the species with the highest (H. appendiculatus, 0.23) and lowest (T. galeottii, 0.04) P resorption. Singh (1969) had found much variation in leaf litterfall nutrient concentrations of different forest species and Scott et al. (1992) found large inter-specific variations also.
The mean values of nutrient concentrations in senesced leaves in their lowest, intermediate and highest ranges at this location were all higher compared to those reported by Killingbeck (1996) from 77 tree species worldwide. Lowest values (0.71% N and 0.04% P) were above Killingbeck´s lowest values (0.26% N and 0.01% P); overall mean values (1.13% N and 0.11% P), above 0.87% N and 0.06% P; and highest values (2.26% N, Orthion oblanceolatum; 0.23% P, Heliocarpus appendiculatus) above 1.90% N and 0.21% P. This indicates that Los Tuxtlas forest appeared in the low range of nutrient resorption from many forest communities around the world. Killingbeck (1996) proposed thresholds for N and P resorption proficiency in senesced leaves of woody species. He proposed that leaves might approach complete, intermediate, and incomplete nitrogen resorption, when concentration < 0.7%, 0.7-1.0%, and > 1.0%, respectively. For phosphorus in evergreen species he proposed < 0.04%, 0.04-0.05%, and > 0.05%, for complete, intermediate, and incomplete resorption, respectively. Compared to these values, most species from this study had incomplete, and only few intermediate, N and P resorption (Table 2 ). Based on this index, no single species neither part of the community (based on 11 dominant tree species that represents 48% of the total basal area and 44% of the total leaflitter productivity), showed a strong nutrient conservation mechanism at Los Tuxtlas.
Concentrations of total N in the soil from a range of lowland rain forests around the world were 0.02-1.0% (Proctor 1983) . Extractable P in one alluvial soil and one entisol in Costa Rica were 3.6 and 2.2 µg g -1 (Werner 1984, Resorption efficiency = senesced /fresh leaves nutrient concentrations. The highest and the lowest values are shown in bold (n = 3). Grieve et al. 1990 ). Compared to these values, soil concentrations of total N (0.50%) and extractable P (4.11 µg g -1 ) at Los Tuxtlas appeared as high. Nutrient resorption has not been experimentally demonstrated to depend directly on soil nutrients availability. From many experiments analysed at intraspecific level, only in 32% of the cases N resorption decreased in response to increased N availability, whereas in 63% of the cases no response was observed. For P, only in 35% of the cases resorption decreased upon enhanced nutrient supply, while in 57% there was no response (Aerts 1996) .
Phosphorous has often been found with greater percentages of resorption than N (Attiwill 1968 , Songwe et al. 1997 partly indicating less availability of this key element in the ecosystems. In an oligotrophic Amazonian rain forest, leaf P resorption (62%) was greater than N resorption (43%) in crop, weed and tree species (Reich et al. 1995) . At Los Tuxtlas, N and P were resorbed in equal manner though both approached incomplete nutrient resorption, perhaps owing to the nutrient rich soil condition.
From these high nutrient concentrations in the senesced leaves and high nutrient concentrations in the soil, it can be concluded that the hypothesis was confirmed for this forest having low nutrient resorption in a nutrientrich soil. The study demonstrates that with a more accurate method of nutrient resorption assessment it is possible to prove that a forest community with nutrient-rich soil can have low N and P resorption. 
RESUMEN
En las selvas tropicales con suelos fértiles se ha observado que la reabsorción de nutrientes de los arboles de las hojas seniles no siempre es baja. Esta falta de consistencia en el resultado es talvez debida en parte a la metodología de reabsorción de nutrientes utilizada. El objetivo de este estudio fue analizar la reabsorción final de N y P de arboles de la selva húmeda tropical en un suelo rico en nutrientes. La hipótesis planteada fue que en un suelo rico en nutrientes los arboles presentarían una baja reabsorción final de nutrientes. En 30 muestras del suelo superficial (10 cm) de tres sitios de la selva no perturbada, se analizó entre otras características físicas y químicas, la concentración de N total y P extraíble. A través de la concentración de N y P en hojas seniles, se determinó la reabsorción real de 11 especies dominantes de arboles de esta selva. El N se analizó por digestión microkjeldahl con ácido sulfúrico y destilación con ácido bórico, y el P se analizó por digestión con ácido nítrico y destilación con perclórico. El suelo fue rico en N total (0.50%, n = 30) y P extraíble (4.11 µg g -1 , n = 30). Tal como se esperaba, los arboles mostraron una reabsorción incompleta para el N (1.13%, n = 11) y P (0.11%, n = 11).
Palabras clave: Hojas seniles, Los Tuxtlas, México, reabsorción real, selva húmeda tropical.
